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COVER PICTURE 

Management at Colonial Radio 
Corporation keeps a_ sensitive 
finger on quality as Works Man- 
ager, Clark Ryan, center, reviews 
with Chief Inspector, George Her- 
rold, right, and Quality Manager, 
Alfred Winterhalter, left, the con- 
trol charts on the first piece parts 
for post-war radios. 
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EDITORIAL 


QUALITY CONTROL OF POST-WAR 
INDUSTRY 


A segment of unknown size of 
the industrial plants of the nation 
employed quality control technique 
during the period of production 
for war. The goal of these pro- 
ducers was primarily improvement 
of quality, and to the editor's 
knowledge they achieved that goal 
without exception. The testimoni- 
als of government inspection of- 
ficers and of these concerns’ own 
managements are sufficient evi- 
dence on the point. 

The operators of plant quality 
control systems who have carried 
on the spade work of this splendid 
accomplishment have been so com- 
pletely engrossed in the direct 
quality challenge that they have in 
most cases neglected the strategy 
of their positions in the plants’ or- 
ganizational plans. That this would 
happen was more or less inevi- 
table, because many quality con- 
trol operators have from the start 
been put on the defensive by well- 
intrenched managerial groups 
loath to permit the intrusion of a 
new idea that appeared to the un- 
initiated to offer a threat to estab- 
lished control procedure. Happily 
this description does not apply to 
oll concerns. Likewise in many 
plants the initial resistance has dis- 
appeared, once the quality control 
operator has discovered that his is 
a task of coordination of activities 
of existing functions, and leaders 
of these functions have discovered 
that the quality control operator is 
a powerful ally and in no sense a 
threat. 

But the position of the quality 
control operator is insecure for a 
different reason. His devotion to 
quality has been so complete that 
he has noi taken the time to show 
top management in plain dollars- 
and-cents figures the value of his 
program to the company. This 
omission is the expression of a vir- 
tue which all quality control oper- 
ators should possess, namely will- 
ingness to let their results speak 
for them. At the same time lack 
of awareness by top management 
has created a situation in some 
plants during the present reconver- 
sion period, which is unhealthy for 
the future of quality control. Natur- 
ally, management must reduce ex- 
penses, but a direct reduction made 
by decimating the quality control 
department is an invitation to in- 
crease in cost of post-war product. 








Cases have come to attention in 
which the quality control operator 
and his staff have been summarily 
dropped. In other cases personne! 
cuts have been made “across thc 
board” including the quality con- 


trol department. in one case the 
Quality Control Engineer was re- 
tained but his staff of ten people 
was dropped. This is short-sighted 
policy which perhaps could have 
been altered, if the management 
had been kept fully informed of 
the department's activities and sav- 
ings. 


The opposite of this experience is 
found in concerns that have made 
no cuts or only nominal cuts in the 
quality control staff. Others have 
expanded their control programs, 
recognizing that even greater ad- 
vantage will result from such pro- 
gram in the post-war period than 
was the case in wartime. This is 
the sound point of view. During the 
war the emphasis was on speed 
and quality of production. The gov- 
ernment was in no position to quib- 
ble over price. Post-war competition 
will put the emphasis on quality 
and price. The plant which plans 
to reduce cost of production 
through efficient design, mainte- 
nance of quality of purchased ma- 
terial, elimination of out-of-toler- 
ance production, and achievement 
of truly random assembly will be 
laying the groundwork of competi- 
tive advantage. Savings in these 
four directions will come with the 
aid of a quality control program. 
There is good reason to doubt 
whether they can be realized in 
the absence of a quality control 
system. Post-war manufacturing 
will be characterized by complex 
machinery, complicated design, 
close tolerances, exacting inspec- 
tion, and high speed operation. 
There will be no return to pre-war 
methods, and management must 
be prepored to institute new con- 
trols of the new production tech- 
niques. Control through the appli- 
cation of statistical procedures is 
the available device; it should be 
installed now as an integral part of 


reconversion. 
_ 


Qyality control operators who 
are facing the effects of lack of 
recognition by management are in 
a difficult position. Even though 
the action comes late, they should 
hasten to report to the proper of- 
ficials the dollars-and-cents results 
of their wartime activities. To do so 
could hardly worsen their positions 
and could be the means of rescuing 
them from precarious situations. 
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Sequential Sampling Inspection for Attributes 


MASSACHUSETTS 


Introduction 


Sampling inspection procedures 
fall into two general categories: 
(1) procedures for inspection for 
attributes, where the quality of a 
single unit of product is rated de- 
fective or nondefective, and (2) 
procedures for inspection for vari- 
ables, where the quality of a single 
unit of product is measured along 
a scale. This article considers 
briefly the applicatior of sequential 
principles to sampling inspection 
for attributes. 

This article is confined to at- 
tributes for two reasons. First, at- 
tribute inspection is the more com- 
mon in industry and second, it is 
easier to introduce the reader to 
sequential sampling principles by 
application of these principles to 
attribute inspection. But sequential 
sampling procedures for variables 
have been developed and many 
statements made in this article hold 
for variables as well as for at- 
tributes. 


Three Phases of a Sampling Plan 

Any sampling plan may be 
thought of as having three phases: 
(1) a plan of action, that is, a set 
of rules and procedures on the 
basis of which the inspector makes 
a decision to accept, reject, or defer 
judgment on each submitted lot of 
product, (2) the protection afforded 
by the plan of action, that is, the 
proportion of good lots that will be 
accepted and of bad lots that will 
be rejected if that plan of action is 
regularly used, and (3) the cost of 
the plan, that is, the average 
amount of inspection required to 
reach a decision to accept or reject 
a lot. 

We shail briefly consider these 
three phases for a sequential 
sampling inspection procedure. 


Sequential Plan of Action 

In sequential sampling inspec- 
tion, the inspector draws at random 
a sample of n, units from a lot. He 
inspects each unit to determine 
whether it is defective. If the total 
number of defective units he finds 
is equal to or less than the accep- 
tance number e,, he accepts the lot; 
if it is equal to or greater than the 
rejection number f,, he rejects the 
lot; if it falls between e, and f,, 
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he neither accepts nor rejects but 
draws at random a second sample 
of n, units from the lot and inspects 
them. If the total number of de- 
fective units in the two inspected 
samples is equal to or less than the 
acceptance number e., he accepts 
the lot; if it is equal to or greater 
than the rejection number f., he re- 
jects the lot; if it falls between e 
and f, he neither accepts nor re- 
jects but draws at random a third 
sample, etc. This is continued until 
a decision can be made to accept 
or reject the submitted lot. 


A typical sequential plan of ac- 
tion, as it appears to the line in- 
spector, is shown in Table 1. The 
plan of action is contained in the 
first five columns counting from the 
left; the actual resulis of inspection 
are entered in the column to the 
right. To illustrate the use of this 
plan of action, we have assumed 
that a lot was submitted and that 
the data in the right hand column 
were obtained; these data lead to a 
decision (to reject the lot) after 
three samples (a total of 75 units) 
have been inspected. 


An alternative method of pre- 
senting a sequential plan of action 
is by use of a graph, as shown in 
Figure 1. The plans of action of 
Figure 1 and Table 1 roughly cor- 
respond but they differ in two re- 
spects which deserve notice. In 
Figure 1, a lot could be accepted 
if the first 21 units inspected were 
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nondefectives, and a lot could be 
rejected if the first 7 units inspected 
were defectives; in general, it is 
easy to see that decisions to accept 
and reject could sometimes be 
made before 25 units were in- 
spected, between 25 and 50 units, 
etc. Table 1, on the other hand, re- 
quires that inspection be carried 
out in groups of 25 units at a time, 


Table 1 
Typical Sequential Plan of Act 

‘Tabular 

Combined ami a 

ae) 

° s 

E Es - 

I, LD h “7. ZA @ 

First 25 25 1 1 8 


Second 25 50 6 17 14 
Third 25 Jo. tae on ae 
Fourth 25 100 17 28 
Fifth 25 tao 2a oe 
Sixth 25 150 28 38 
Seventh 25 175 43 44 


and that decisions to accept or re 
ject be made only ct the end of a 
group. The main reason for this is 
that groups of substantial and 
familiar size seem to work out bet 
ter in routine inspection; the flexi 
bility of the true sequential 
by-unit” plan of action of Figure 1 
is sometimes too difficult for the 


“unit 


line inspector to follow. The inspec 
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tion results assumed in Table 1 are 
plotted in Figure 1 and they lead, 
as before, to rejection of the lot 
after 75 units have been inspected 


The plan of action of Table 1 is 
truncated at 175 units, that is to 
say, at this value, the acceptance 
and rejection numbers differ by 
unity and hence, it is impossible to 
inspect more than 175 units from 
any one lot without reaching a 
decision. This point of truncation is 
not indicated on Figure 1 simply 
because the scale of Figure 1 does 
not happen to extend that far. The 
method of selecting the number of 
units at which to truncate the plan 
of action is given later. 

The peculiar feature of the se- 
quential procedure is in its plan of 
action. Unlike older procedures in 
which the amount of inspection per 
lot is fixed or almost fixed before 
inspection is begun, the sequential 
procedure does not fix the amount 
of inspection for any given lot. For 
example, in the plan shown in 
Table 1, a submitted lot may some- 
times be accepted or rejected after 
sample (25 units) is 
inspected, sometimes ofter two 
samples (50 units) and sometimes 
only after seven samples (175 
units) are inspected 


only one 


In sequential sampling inspec- 
tion, the amount of inspection is 
primarily determined by the quality 
of the submitted lot. Conspicuous- 
ly good lots will usually be quickly 
accepted, for the smaller accep- 
tance numbers will seldom be ex- 
ceeded; similiarly, conspicuously 
bad lots will usually be quickly re- 
jected for the smaller rejection 
numbers will seldom be fallen 
short of: extensive inspection will 
be reavired chiefly by lots of inter- 
mediate quality, and this is as it 
should be, because the quality of 
such lots is more difficult to deter- 


mine 


Protection Afforded by the Sequen- 
tial Plan of Action; the Operating 
Characteristic (OC) Curve 


There are clearly many possible 
sequential plans of action and the 


problem arises how to choose 
amona them One important basis 
of choice is the amount of protec- 
tion afforded by each plan of ac- 
tion, that is, the relative frequency 
with which each plan of action will 


accept good lots and reject bad lots 
or. using the term protection in a 
more aeneral sense, the frequency 
with which each plan of action will 
accept lots of any given quality 
not only lots that are termed good 


or bad 


This information is contained in 
the Operating Characteristic (OC) 
Curve. The OC curve of a sampling 
plan shows the relative frequency 
L, with which lots containing frac- 


tion defective p will be accepted. 
The relative frequency of rejection 
of a lot of fraction defective p is 
simply 1-L,. The OC curve of the 
sequential plan of action of Figure 
1 and, roughly, that of Table 1, is 
shown in Figure 2. 


figure 2 


pereting Ceerecteriatic Curve 


If the sequential plan of action 
shown in Table 1 and Figure 1 is 
used we may, for example, be 
confident that about 98% of all lots 
containing 16% defective will be 
accepted, about 78% of all lots 
containing 20% defective will be 
accepted, and about 8% of all lots 
containing 27% defective will be 
accepted. If the protection indicated 
by this OC curve is not suitable for 
the product at hand, the plan of 
action shown in Table 1 and Figure 
| should not be used. Each plan of 
action has a unique OC curve and 
it is generally possible to find a se- 
quential plan of action which has 
a suitable OC curve. 


Cost of the Plan of Action; the Av- 
erage Sample Number (ASN) Curve 


Some plans of action may be 
said to “change their minds” sharp- 
ly when a bad lot is substituted for 
@ good one; others discriminate 
less sharply. The OC curve in 
Figure 2 shows the degree of dis- 
crimination that can be expected if 
the plan of action of Figure 1 is 
used. Assume that lots containing 
13.6% or fewer defective units are 
called good while lots containing 


25.5% or more defective units are 
called bad; the plan of action of 
Table 1 and Figure 1 will accept at 
least 99.7% of the good lots while 
it will accept a maximum of 15.1% 
of the bad lots. There are, of 
course, sequential plans of action 
that discriminate more sharply 
(i. e., have steeper OC curves) and 
less sharply (i. e., have flatter OC 
curves). 


In general, plans of action with 
steep OC curves would be desired 
but for one important drawback; 
they require larger amounts of in- 
spection before a decision on the 
lot can be reached than do less 
steep OC curves. So, though a plan 
of action may have a suitable OC 
curve, it is generally necessary to 
determine how much sampling it 
requires before putting the plan 
into use. 


In sequential sampling inspec- 
tion the amount of inspection need- 
ed on any given lot of given quali- 
ty cannot be accurately predicted 
in advance of inspection; this is 
due, of course, to the unpredictable 
nature of the sample or samples 
drawn from the lot. But if a num- 
ber of such lots are submitted, the 
average amount of inspection per 
lot is predictable. Thus, if a single 
lot of quality p — .255 is submitted 
to an inspector who is using the 
plan of action shown in Table 1. 
the amount of inspection required 
may be anything from 11 units 
(the minimum number to reject) to 
175 units (the maximum number to 
accept or reject). But if many lots 
of that quality are submitted, the 
average amount of inspection per 
lot required by that plan of action 
*s determinable; it turns out to be 
about 104 units. 


This important information is 
contained in the Average Sample 
Number (ASN) curve of a plan of 
action. This ASN curve shows the 
average amount of inspection per 
lot fi, if the fraction defective in 


the lot is p. The ASN curve for the 
plan of action of Figure 1 is shown 
in Figure 3. 


If the plan of action shown in 
Figure 1 is used, we may expect 
that if lots containing 13.5% de- 
fective units are submitted, the av- 
erage amount of inspection per lot 
will be approximately 50 units, 
though the actual amount of in- 
spection for any one of these lots 
is uncertain. If lots containing 30% 
defective units are submitted, the 
average amount of inspection per 
‘ot will be approximately 60 units. 
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Figure 3 
Average Sample Number Curve 


or a eet 
ay 


The ASN curve shown in Figure 
3 is characteristic of ASN curves of 
sequential plans of action. It is 
seen that decisions (generally to 
accept) are quickly made, on the 
average, when good lots are sub- 
mitted and that decisions (generally 
to reject) are quickly made, ori the 
average, when bad lots are sub- 
mitted. Lots of intermediate quality 
require more inspection, on the av- 


erage. 


Some Elements of the Algebra of 
Sequential Sampling for Attributes 
Sequential Plan of Action 


The sequential plan of action 
shown in Figure 1 is defined by 
three constants, the two intercepts 
—h, and h,, and the common slope 
s. The question arises how to 
choose values for these three con- 
stants. Perhaps the best way to do 
this, that is, to choose a plan of ac- 
tion, is first to select two points on 
the OC curve; in other words select 
two quality levels and the protec- 
tion that is to be attained at these 
levels. Thus, the user requires that 
if lots of fraction defective p, are 
submitted, the plan accepts 100 
(1-@)% of such lots, while if lots of 
fraction defective p, are submitted 
(p, >p,) the plan accepts only 
1003% of them (a< .50,3 < .50). 
He fixes two points on the OC curve 
and asks for a sequential plan of 
action that will afford such protec- 


tion. 
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A sequential plan of action that 
will afford such protection can 
readily be determined. From the 


two points p, and I-d, p, and 8, 


the constants h,, h, and s of the 
plan of action are obtained as fol- 
lows: 


g. log (4 ) f log (25) 


"tog BEER)" tog BAER) 
log (=F) 


Nog (8) 


Sequential Operating Characteristic 
(OC) Curve 


The OC curve of the plan of ac- 
tion specified by these values of h,, 
h, and s will go through the two 
selected points. But lots of quality 
other than p, ond p, may be sub- 
mitted and it is important to know 
how frequently they will be accept- 
ed and rejected. In short, it is use- 
ful to be able to determine the en- 
tire OC curve of the plan of action 
even though the plan is chosen so 
as to give required protection at 
two quality levels. 


Let L,, be the probability of ac- 


cepting a lot of fraction defective 
p. We have 


x FoF, Ou 


and = —_ 
- x Fife | 


where x is a dummy variable. 
Systematic substitution of values of 
x >1 into these equations readily 
yields pairs of points on the OC 
curve of the adopted plan of ac- 
tion; after a number of such pairs 
of points have been determined, a 
fairly accurate curve can be drawn 
through them. 


Sequential Average Sample 
Number (ASN) Curve 


The cost of a sequential plan of 
action is determined as follows: let 


5S be the average amount of in- 


spection if the lot is fraction defec- 
tive p. We have 


pa ¥ Lp (Ay. F) - fr 
p S- p 





The sequential plan of action is 
usually terminated at approximate- 


ly the larger of °% or 3h 
where fip is the average amount 


of inspection when p p,, and 


An, is the average amount of in- 


p,. Both can 
the ASN 


spection when p = 
easily be read from 
curve. 


Example and Summary 


To illustrate briefly the use of 
these equations, consider the fol- 
lowing example: It is desired to 


run a risk of only! in 100 (a> .01) 
of rejecting product as good as 
15% defective (p,=-.15) and it is 
also desired to run a risk of only 2 
in 100 (3.02) of accepting prod- 
uct as bad as 30% defective 
(p,—.30). The sequential plan of 
action, OC curve and ASN curve 
determined by these four values 
are shown in Figures 1, 2 and 3. 
The reader may check his under- 
standing of the use of the equations 
of this section by verifying the fol- 
lowing values of h,, h,, and s, and 
the following six points on the OC 
and ASN curves. 


h, 4.398, h, 5.167 
s .2188 

x p Ly fi, 
3.00 .1359 .9966 52.63 
1.75 .1737 .9490 86.70 
1.25 .2001 .7762 121.02 
1.25 .2382 .2909 123.11 
1.75 .2705 .0810 85.03 
3.00 .3205 .0080 50.06 


Only a brief account of the al- 
gebra of sequential sampling can 
be given here; many qualifications 
which are important in practical 
applications—such as the effects of 
grouping (in Table 1, the group 
size is 25) and truncation (in Table 
1, the plan of action is truncated at 
175 units) are not discussed here. 
These matters and others are dis- 
cussed in publications mentioned 
at the end of this article. But it can 
be said here that while sequential 
sampling inspection, as well as all 
other scientific sampling inspection 
procedures, has deep roots in mod- 
ern statistical theory, experience in- 
dicates that the practical adminis- 
trator of product inspection can 
master without difficulty those few 
elements of statistical mathematics 
that are recessary to successful ad- 
ministration. Finally, no mathe- 
matics are involved in the line in- 
spector’s work; he simply inspects 
and records the number of defec- 
tives he finds. 








Comparison of Single, Double and 
Sequential Sampling Inspection 


Readers of this journal are famil- 
iar with single and double samp- 
ling inspection procedures for at- 
tributes and it may be helpful to 
compare these briefly with a se- 
quential sampling inspection pro- 
cedure. First, it is evident that the 
sequential plan of action is more 
complicated than the plans of ac- 
with 
In single samp- 


tion associated single or 
double sampling. 
ling only one sample is drawn and 
a decision to accept or reject the 
submitted lot is made after an’ in- 


spection of the units in this single 


sample; there is no possibility of 
deferring jvdgment. in double 
sampling, judgment may be de- 


ferred after the first sample is in- 
spected, but in no case are more 
than two samples inspected. In se- 
the 


may have to draw and 


qvuential sampling inspector 

inspect 
from one to many samples (in the 
plan of action of Table 1, as many 
to be 


drawn and inspected) before reach- 


os 7 samples may have 
ing a decision to accept or reject 
the submitted lot, and he cannot, in 
advance of inspection, know how 
It is 
clearly more difficult to explain 


many samples he will need. 


and administer a sequential samp- 
ling inspection procedure though 
this difficulty can easily be over- 
emphasized. Sequential sampling 
inspection procedures are operat- 
ing with marked success in over 
3,000 plants in the United States 
and this would hardly be possible 
if the practical difficulties of the 
sequential 


plan of action were 


great. 


lt is, however, true, that no mat- 
ter how slight these practical dif- 
ficulties are, they exist, and unless 
there are compensating advan- 
tages in favor of sequential samp- 
ling, single or double sampling is 
preferable. Such compensating ad- 
vantages of sequential sampling 
generally do exist. Essentially, the 
main advantage of sequential 
sampling is that for the same pro- 
tection sequential 


sampling costs 


less than either single or double 


Table 2 


Plans of Action 





Combined Samples 

















Type of Sample Sample Size Acceptance Rejection 
sampling Size number number 
Single First 10 10 2 3 
Double First 7 7 1 3 
Second 14 21 2 3 
Sequential First 4 4 0 2 
Second 4 8 0 3 
Third 4 12 1 4 
Fourth 4 16 2 4 
Fifth 4 20 + 5 
sampling; or stating this is another Fig. 58 


way, for the same cost sequential 
sampling gives greater protection 
against errors — against rejecting 
good lots and accepting bad lots— 
than either single or double samp- 
ling. 

This fact is illustrated in Table 2 
and Figure 5A and 5B. In Table 2 
we show three sampling plans of 
action for attribute inspection; one 
is single, one is double, and one is 
sequential. These plans of action 
have been chosen so that the pro- 
tection they guarantee is approxi- 
mately the same, that is to say, all 
three have approximately the same 
OC curves (Figure 5A). The cost of 
this protection is seen to be con- 
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siderably less for the sequential 
plan than for either of the other 
two. (The curves in Figure 5B as- 
sume that the entire first sample is 
inspected.) 


There is, of course, much more 
to inspection than protection and 
the average amount of inspection 
per lot, and an account of the vari- 
ous merits and demerits of single, 
double, and sequential inspection 
would fill many pages. For ex- 
ample, among the demerits of se- 
quentic! sampling inspection is the 
fact that quick decisions on submit- 
ted lots leave the inspection avu- 
thorities with but little data from 
which to calculate such important 
quantities as the supplier's process 
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average. But the relative ease with 
which sequential inspection plans 
can be constructed, installed, and 
operated, their flexibility under 
changing industrial conditions, and 
their economy in inspection are 
powerful arguments in their behalf. 


References 

In this short article only a few 
aspects of sequential sampling in- 
spection have been discussed. It is 


hardly necessary to remark that: 


for practical application of sequen- 
tial sampling principles to attribute 
inspection, more information is 
needed. For example, such import- 


ant questions as classification of 
defects, formation of lots, and re- 
adjustment of the plan of action in 
the light of accumulated inspection 
data are untouched by the present 
article. Moreover, the important 
field of sequential inspection for 
variables has not been considered 
at all. 


Information on these subjects is 
contained in a report titled “Se- 
quential Analysis of Statistical 
Data: Applications” by the Statisti- 
cal Research Group, Columbia Uni- 
versity; this report will be published 
about the end of October, 1945 by 


the Columbia University Press. For 
the mathematical theory of sequen- 
tial sampling, the reoder is referred 
to “Sequential Tests of Statistical 
Hypotheses,” by A. Wald, Annals 
of Mathematical Statistics, June, 
1945. Other publications dealing 
in greater detail with sequential 
sampling principles as applied to 
attribute inspection have been is- 
sued by the Quartermaster Corps 
of the Army Service Forces and by 
the Office of Procurement and 
Material of the Navy Department, 
but these publications are not gen- 
erally available. 


Quality Control In The Small Plant 


ROBERT N. YOUNGBLOOD 


Quality Control procedure is us- 
vally associated with large plants 
and one frequentiy encounters the 
statement “but we are a small 
plant and do not need advanced 
methods of control.” This statement 
requires analysis and explanation. 
Presumably a definition of “small 
plant” would come first. The avu- 
thor has no intention of attempt- 
ing to establish a technical defini- 
tion of “small plant,” but would 
call attention to the fact that of 
184.230 menufacturing establish- 
ments reported in the 1939 Census 
of Manufacturers of the U. S. De- 
partment of Commerce, 168,814 or 
91.6 per cent had one hundred or 
less wage earners. 


The premise that need for con- 
trol is related to size of operation is 
untenable. It is perfectly true that 
some of the devices of manage- 
ment can be dispensed with when 
personal acquaintance can be 
substituted for written procedure, 
but Quality Control does not fall in 
this category because the improve- 
ment of product quality through in- 
creased knowledge of processes 
and operations is quite indepen- 
dent of the personal contact factor. 
Wherever operations of any sort 
are being carried on repeatedly 
for the purpose of obtaining prod- 
ucts which are intended to be 
alike with respect to one or more 
defined characteristics, quality con- 
trol of products and processes will 
yield profitable results. 
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The type of control installation 
that will be profitable is deter- 
mined by the number of pieces in 
a run or more precisely by the 
length of a run. In either a large 
or small plant lots of a few hun- 
dred for which the set-up and run- 
ning time may be not more than 
two or three hours do not permit 
the use of control chart technique. 
On the other hand, continuous pro- 
duction can be controlled by chart- 
ing in a small plant just as well as 
in a large plant. The important 
question then is type of operation. 


There are, however, some cir- 
cumstances connected with the 
small plant which must be taken 
into account. In the smallest plants 
the general manager, the chief en- 
gineer, the tool setter, the inspector 
and the foreman are likely to be 
one person. As size increases, 
there is differentiation of function, 
but the rule of the small plant is 
overlapping and poor definition of 
jobs. Offsetting this is the greater 
skill and initiative to be found in 
the small plant. Personal contact 
and verbal instructions are the rule; 
which means that engineering 
changes are made by conference 
and blue-prints are commonly not 
up-to-date. Often there is no in- 
spection except the checking of di- 
mensions by operators; in thot 
case no inspection records will ex- 
ist. In fact, the gaging equipment 
is likely to be meager and indif- 
ferently maintained. Both equip- 


ment and material in process suf- 
fer from poor handling because of 
lack of space and the absence of 
methods engineering. There are no 
training programs in small shops; 
every man learns his job the hard 
way. Finally, small plants are like- 
ly to be job shops that operate with 
small orders and short runs. 


QUALITY INVENTORY 


The first step in installing a 
Quality Control system is the deter- 
mination of existing quality. This 
means the recording of amount 
and cost of scrap and rework for 
at least the major products. The 
rejection of shipments by customers 
and customers’ complaints should 
also be recorded. In all cases the 
causes should be broken down as 
much as possible. Analysis of these 
records will indicate where cus- 
tomers’ complaints can be eliminat- 
ed, where money savings can be 
made, what faults are chronic, and 
the directions in which corrective 
action can profitably be under- 
taken. 


This inventory presumably will 
have to be made by someone as a 
by-product of his regular job. For 
that reason the plan should not be 
too elaborate, likewise the contro! 
system growing out of the inven- 
tory should be relatively simple. 
While the overall objective is sim- 
plicity, the ruling criterion will be 
the type of operation. 





CONTINUOUS PRODUCTION 


A small plant may produce a 
single product or a few products in 
huge quantities. It may be a ma- 
chine shop, a spinning mill, a car- 
pet factory, or o pottery. Whatever 
the field, quantity production lends 
itself to product control through 
process control. In brief this means 
learning what the equipment is 
capable of doing, if maintained 
properly and operated properly. 
The next step is to install whatever 
type of control will secure the most 
efficient operation. This may mean 
the installation of measurement 
charts in the machine shop, frac- 
tion defective charts in the pottery 
or charts for number of defects in 
the carpet factory. In all three 
cases it may be possible to obtain 
results without using a single chart. 
The man responsible for the pro- 
gram must possess initiative and be 
able to make sound judgments 
concerning the control system that 
will be compatible with the condi- 
tions existing in his plant. But in 
all cases his activities must be 
guided by the results of the quality 
inventory. If $5000 per year is be- 
ing lost through scrap, rework 
charges, and rejections, then a con- 
trol system costing anything less 
than the part of that sum which 
the system will save will result in 
a net gain to the company. Note 
that there is no place in this a- 
nalysis for the bromide that quality 
control cannot be used in the small 
plant. The criterion is savings vs. 
costs in terms of the type of opera- 
tion, not the size of operation. 


SHORT RUN PRODUCTON 


if a plant is turning out a variety 
of products in relatively small lots 
and equipment is being retooled or 
repatterned at short intervals the 
problem of control is less simple, 
whether the plant is large or small. 
While it is true that some concerns 
are employing control chart pro- 
cedure for this type of operation, 
the author believes that a small 
plant which attempts this is likely 
to bog down’ in the mass of detail 
involved in maintaining extensive 
files of intermittently used charts. 
To avoid this, patrol inspection 
should be employed. For jobs that 
have a past record of good quality, 
first piece-last piece inspection may 
be adequate. In other cases patrol 
inspection hourly or at shorter in- 
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tervals may be required depending 
on the quality history of the prod- 
uct and the complexity of the op- 
eration. in all cases the findings 
of final inspection should be re- 
corded by types of rejects and the 
results brought quickly to the at- 
tention of operators and manage- 
ment. Pressure from management 
is usually sufficient to bring correc- 
tive action. However, emphasis 
should be placed on correction of 
chronic items and costly items. Less 
troublesome faults can then receive 
attention. A_ successful control 
program will eventually produce a 
quality level beyond which it will 
nt be economic to press for fur- 
ther corrective action. This is a 
quality millennium seldom reached 
in practice, but its achievement 
would not be the signal for discon- 
tinvation of the control program. 
Rather the program should be con- 
tinued in a form that will provide 
adequate insurance against future 
loss of the high quality level 
achieved. 


WORKERS’ ATTITUDE 


The Quality Engineer in the small 
plant has an opportunity to de- 
velop personal acquaintance with 
workers and enjoy their confidence. 
He is able to get cooperation with 
his control program. At the same 
time he must remember that he is 
usually working with men possess- 
ing considerable skill and initia- 
tive. An example of doubtful tech- 
nique has recently come to the au- 
thor’s attention. A sleeve with an 
external thread was being pro- 
duced in quantity. No records of 
inspection were kept, but each day 
the rejects were dumped into a 
large box marked “scrap.” As the 
accumulation in the box grew, 
workers became more cautious, re- 
jections practically disappeared. 
The doubtful part of the example 
is the fact that the “scrap” box was 
salvaged at the end of the job. 
Such indirection may destroy the 
workers’ confidence in the Quality 
Engineer. 


Operator and inspector can often 
do quality control jointly without 
the aid of records. Ona grinding 
operation the inspector called back 
the size as he measured parts com- 
ing from the machine. The operator 
soon recognized thot regular 
growth in the dimension called for 
setting the grinding wheel closer, 
and thet rapid growth of the di- 
mension indicated that the wheel 
should be redressed. This is actual- 
ly oral control of tool-wear. 


CONCLUSION 


In the foregoing the writer has 
tried to stimulate the thought that 
quality is a cost and production 
tool and not a field sufficient unto 
itself. It is very easy to drift into 
the latter attitude in the large plant 
operation and the small plant 
Quality man must early recognize 
this fact if he is te prove his value. 
With these adjustments to existing 
conditions, there is just as much 
(perhaps mure) opportunity for the 
Quality Engineer in the small plant 
as in the large one. 


Quality Control Reports 

Issues numbers 3 and 4 of 
“Quality Control Reports,” pub- 
lished by Carnegie Institute of Tech- 
nology in conjunction with the O. 
P. R. D., appeared in August 1945. 
Number 3 contains an article by 
Lester A. Kauffman, “Statistical 
Quality Control at the St. Louis Di- 
vision of American Stove Com- 
pany.” Number 4 contains an ar- 
ticle by Carl G. Schmid, “Quality 
Control at the Lukas-Harold Corpor- 
ation.” Copies of this report are 
available without charge to persons 
concerned with quality control in 
war industries, educational institu- 
tions or government service. Re- 
quests for copies should be addres- 
sed to Quality Control Program, 
Carnegie Institute of Technology, 
Pittsburgh 13, Pennsylvania. 


OMISSION 
Through an error we failed to re- 
port in the July issue that J. M. 
Juran’s “Management of Inspection 
and Quality Control” is published 
by Harper and Brothers, New York, 
at a price of $3.00. 
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Four Valuable Articles 


William B. Rice, Plomb Tool Com- 
pany, Los Angeles, has published 
five articles which contain illustra- 
tions of quality improvement and 
savings resulting from the use of 
statistical control procedure. They 
fully warrant the attention of quali- 
ty control operators. The titles and 
publishers are: “Quality Control 
Through Statistics,” Western Indus- 
try, December 1943 and January 
1944; “Setting Tolerances Scien- 
tifically,” Mechanical Engineering, 
December 1944; “Scientific Toler- 
ances by Inspection,” Mechanical 
Engineering, March 1945; “Quality 
Control Applied to Business Admin- 
istration,” Journal of the American 
Statistical Association, “Statistical 
Uses of Accounting Data,” the Ac- 
counting Review, July 1944. 


INDUSTRIAL QUALITY CONTROL 








Operating Characteristics Of 


Reject Limits For Measurements 


NORBERT L. ENRICK 


HEADQUARTERS, QUARTERMASTER CORPS., INSPECTION SERVICE 


The January and March 1945 
issues of INDUSTRIAL QUALITY 
CONTROL contained two articles 
by A. J. Winterhalter titled “De- 
velopment of Reject Limits for 
Measurements.” To compute upper 
and lower reject limits for sample 
averages, a factor b was develop- 
ed from the formulas: 


URL Upper Spec. Limit — bR’ 
LRL Lower Spec. Limit -+- bR’ 


The factor b was tabulated for 
sample sizes up to 15 and various 
values of the acceptable defectives. 
It was so calculated that the aver- 
age of a sample from a lot con- 
taining exactly the acceptable de- 
fectives would fall on or outside 
the reject limits only about three 
tines out of 1000. In other words, 
the risk of rejecting good lots was 
fixed at .3%. 


Similar reject limits have been 
found very valuable by the writer 
in his experience with the Quarter- 
master Corps. They are best used 
in acceptance inspection of product 
required to meet certain quality 
characteristics, such as the break- 
ing strength of materials, the Rock- 
well hardness of steel blades, etc., 
where testing is costly, time-con- 
suming, or destructive, and conse- 
quently only a small sample of a 
few pieces can be tested. 


The value of this type of reject 
limit is greatly increased if operat- 


ing characteristics curves are avail- 
able. The curves in Figure 1 are 
obtained if reject limits are comput- 
ed from the formulas above, but 
L factors (Table |) are substituted 
for the b factors. The L factors 
were used after a study of operat- 
ing characteristics revealed that b 
factors do not provide sharp dis- 
crimination between good and bad 
lots. While b factors are very well 
suited for the producer's control 
during production, the L factors are 
preferable for acceptance sam- 


pling. 


When reading the curves, the 
“Percent Defective of Submitted 
Product” scale at the bottom of the 
graph must be selected to cor- 
respond to the particular value of 
the acceptance defectives (in %) 
adopted. The information obtained 
is twofold: 


First, a rough estimate may be ob- 
tained of the expected percentage 
of rejections that will result from 
adoption of a particular value of 
the acceptable defectives. The L 
values are set so that, if all lots of- 
fered were per cent defective equal 
to the allowable per cent noncon- 
forming, 97 per cent to 98 per cent 
would be accepted regardless of 
the size of the sample inspected. 
This is shown on the graph by the 
convergence of the O. C. curves. 
Suppose that the allowable per 
cent nonconforming is | per cent, 





Table |: L Factors 


Sam 

ple 

Size .1 5 1.0 2.0 
2 1.49 1.03 81 57 
3 1.14 84 69 .53 
4 1.02 77 64 51 
5 94 72 .62 .50 
6 .90 69 .60 49 
8 84 .66 .57 47 
10 .80 .63 55 46 

12 77 61 54 .45 
15 74 59 .52 44 
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3.0 


4) 
43 
43 
42 
42 
4) 
4) 
.40 
39 


ACCEPTABLE DEFECTIVES (in %) 


4.0 5.0 6.0 8.0 10.0 
.30 .20 13 —01 —.12 
35 29 24 15 .08 
.36 3) .27 .20 14 
37 32 .28 22 17 
37 33 .23 .23 18 
.37 33 .30 .25 .20 
36 33 .30 .25 21 
.36 33 .30 25 22 
.36 33 .30 .26 .22 


then the use of the reject limits pro- 
posed here will produce the fol- 
lowing results: 


Probability of Acceptance of Lots 


Which Are 

Sample 2% 5% 
Size Defective Defective 

2 94 85 

3 93 78 

5 91 .68 

8 .88 53 

10 .85 43 

15 78 .26 


These values have been read 
from the graph to illustrate the use 
of the O. C. curves. A more ex- 
tensive table could be made by 
adding more values of per cent de- 
fective. A similar table could be 
made for any of the listed values 
of allowable per cent nonconform- 
ing. Second, a rough estimate may 
be made of the sample size re- 
quired to meet a desired combi- 
nation of consumer-producer risks 
Suppose that the allowable per 
cent nonconforming were taken as 
.5 per cent and that the purchaser 
wished to protect the vendor from 
rejection of more than 10 per cent 
of 1 per cent lots, and wished to 
protect himself against the accep 
tance of more than 10 per cent of 
10 per cent lots. Inspection of the 
graph shows that samples of 5 will 
approximately meet this require- 
ment. Note that the choice of the 
four values was not entirely free 
If the consumer's lot tolerance were 
set at 5 per cent, the other three 
values being unchanged, there is 
no sample size which will meet the 
requirements. Thus it is seen that 
the greatest value of the graph lies 
in determining the consumer's and 
producer's risks in terms of the 
sample size, the allowable per cent 
nonconforming having been set in 
advance in terms of the require 
ment of the material in the plant 








DERIVATION OF L FACTORS AND 
O. C. CURVES 


Fig. 1 


PERATING CHARACTLAISTIC CURVES 
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responding exactly to a particular 
acceptable percent defective). 
Now, (3) may also be written 


(@) URL = S$ - (x+4) ¢R 


where the coefficient of R’ is L. The 
reader may easily verify that L 
could have been obtained similarly 
with reference to a lower specifi- 
cation limit. Table | has been pre- 
pared by substitution of values in 
the formula, 
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L = (x~k) & 


The table of areas of the normal 
curve shows that an ordinate 3.09 
standard deviations above the av- 
erage will exclude .1 per cent of 
the area of the curve. Thus for the 
first value in Table |, x’—3.09 and 
for n=—2, d,— 1.128, then 


L = (309-4) ihe - HE - 10 


Operating characteristics may be 
determined from the relation 


(s) 3 - un 


where the risks of acceptance and 
rejection may again be determined 
from tables of areas under the nor- 


(Continued on Page 15) 
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A Report On Pre-War Quality 


MARTIN A. BRUMBAUGH 


BACKGROUND 


Conversations with inspection 
and production supervisors show 
a general belief that quality suf- 
fered in the rush for quantity dur- 


ing the war. These men say that 
their quality problems were minor 
in the pre-war period, whereas 
they multiplied tremendously dur- 
ing the war. In fact, intensifica- 
tion of the quality problem was the 
major factor in the widespread in- 
troduction of quality control tech- 
nique during the war. There is, 
however, an additional factor in- 


volved in the comparison of the -9@76OS5S4FI2/0/2* -24 a 
two periods because the require- 1062 *83% Curette Cromater 4062 - eek 


ments of mechanized war forced 
upon industry closer tolerances and 
increased inspection. Accordingly, 
in many respects the war and post- 


Pre -Wor Quolty Current Quality 


war situation is not comparable to 


that existing in the pre-war period. —_s 


‘ -S432/0/2 3456789 * ~-4@392/0/(234° 
Some concrete evidence on the res poo 1216 2 eee 


question of pre-war quality has re- Lcpth ef Shoulder from Work Face 


cently been made available to the 
author. Early in the war period a 
large manufacturer converted to 
100% war products. A sizable in- 
ventory of completed and partly 
completed parts was in process at 
the time of conversion. This inven- 
tory was removed to a storage 
warehouse. When this manufactur- 
er’s war contracts were cancelled, 
the management decided to reenter 
° -2/0/24° 


the civilian market quickly by com- 
pleting the machine operations on 
the stored inventory articles so that 
they could be assembled and 
marketed while the general recon- 
version of the plant was in pro- 


gress. 
Obviously the source of the in- 
formation can not be disclosed, but 
a general description of the pro- 
duct will suffice for the purpose of 
this paper. The article is a com- 
plex assembly consisting of more 
than 100 piece parts. Tolerances 
are moderately close and matching 
piece parts require that tolerances -Z2Z/ 0/4/23 45E6TBIMAUUIAE © -32/0/2345 


be held. The article was produced 1.180 £82 1/80 “002 
in quantity before the war and war Inside Diameter 

production was of a character per- 

mitting use of the same machines, 

although tools, jigs, dies, etc, were 

different. 
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RECORD OF THE INVENTORY 


The chief inspector wos instruct- 
ed to ascertain the quality of the 
stored inventory. He found the 
material to be free of surface de- 
terioration, rust and generally in 
good condition. Difficulty arose in 
locating the applicable bive-prints 
to check dimensions, but finally in- 
spectors were provided with prints 
and gages and instructed to check 
a large sample of each dimension. 
It should be noted that this material 
had not been inspected at the time 
of storage due to the quick conver- 
sion to war work. The inspectors 
compiled hundreds of separate 
sample records in checking the 
piece parts assembled in different 
models of the product. 


The results were startling. Not 
more than 14 per cent of the piece 
parts could be assembled without 
rework according to the applicable 
prints. There is, of course, an esti- 
mate in this, but the estimate was 
made conservatively by assuming 
to be acceptable any dimension in 
which the sample indicated a high 
probability that at least 90 per 
cent of the pieces in a lot were 
made to the blue-prints. 


The accompanying diagram 
shows at the left the distribution of 
measurements of the sampled in- 
ventory and at the right the distri- 
bution of measurements of a 
random sample of current produc- 
tion for four dimensions that were 
comparable in pre-war and war 
products. These four are neither 
the worst nor the best pre-war dis- 
tributions. They were chosen to af- 
ford contrast with current condi- 
tions. The dimensions on the dia- 
gram have been altered sufficient- 
ly to preclude any chance that they 
could be recognized. The tolerance 
limits are quoted exactly as they 
oppear on the prints. 


The outside diameter sample 
showed only a few pieces oversize, 
but one-third of them vundersize 
which will not function and there- 
fore must be scrapped. By contrast, 
this dimension is now being held so 
that little or no scrap or rework oc- 
curs and random assembly is cer- 
tain. The depth of the shoulder 
from the work face shows an even 
worse situation. Although the tol- 
erance is greater, only 58 per cent 
of the pieces in the sample will as- 
semble without rework and 32 per 
cent are not usable. This is quite 
@ contrast to the present status of 
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this dimension with only half of 
the range of the print tolerance be- 
ing used. The distance between the 
outside and inside shoulder shows 
the poorest results of the four di- 
mensions. Only 11 per cent of the 
sample is to blue-print; 20 per cent 
must be scrapped; 69 per cent must 
be reworked. The tolerance is now 
bilateral, but the principal change 
in current production is the ab- 
sence of any out-of-tolerance pieces 
in the sample. The inside diameter 
results were also poor with 47 per 
cent of the pieces to blue-print, 3 
per cent undersize that can be re- 
worked, and 50 per cent oversize 
that must be scrapped. Under 
present conditions this bore is not 
being made without scrap, but the 
oversize pieces amount to only 8 
per cent of the sample. 


CONCLUSIONS 


This inventory of piece parts can 
be made into marketable product 
only by setting up a small machine 
shop in the assembly area and then 
relying entirely upon selective as- 
sembly. This will be a costly pro- 
cedure which is warranted solely 
on the basis of market advantage. 

This company is accustomed to 
precision work, and was known be- 
fore the war for the high quality 
of its products. Yet the measure- 
ments compiled from this inventory 
show the scrap loss which it suf- 
fered and the amount of rework 
that was necessary to assemble 
ovt-of-dimension piece parts. There 
is reasonable doubt whether ran- 
dom assembly was ever achieved 
in pre-war operations. 


During the war a system of 
quality control was __ installed 
throughout the machine shop. The 
results are obvious in the distribu- 
tions at the right. Tolerances that 
could not be held before the war 
are now held with ease and in 
some cases design has closed toler- 
ances to simplfy assembly. With 
the aid of control charts operators 
have learned how to avoid loss of 
dimension; tool setters have learn- 
ed how to reduce shutdown time 
of equipment. During the war, 
production of good parts per ma- 
chine-hour and per man-hour was 
more than doubled. Random as- 
sembly replaced the fit and file as- 
sembly procedure of the pre-war 
period. No difficulty was encoun- 
tered in meeting government in- 
spection requirements. 


In the post-war period this com- 
pany is prepared to machine parts 
to blue-print, and assemble at ran- 
dom with nominal rework and re- 
pair. The result will be a better 
functioning product. At the same 
time lower costs will give a market 
advantage over competitors. 


The Quality Control Engineer of 
this company would not be willing 
to take credit for this obvious im- 
provement in product quality. To 
him it has been a cooperative piece 
of work participated in by produc- 
tion supervision and operators, by 
inspection, by methods engineer- 
ing, and by design. At the same 
time management has supported 
the quality control program and is 
prepared to strengthen and expand 
it in the post-war period. 


To the author this example 
shows that (1) perhaps pre-war 
product quality was not as good as 
has at times been claimed, (2) 
quantity is not inconsistent with 
quality when a control system is in 
operation, (3) a concern that has 
learned quality control during the 
war carries a competitive advan- 
tage into the post-war period. 





NOTICE TO SUBSCRIBERS 


Each time INDUSTRIAL QUALITY 
CONTROL is published several 
copies are returned by the post of- 
fice marked undelivered. As you 
know third class mail cannot be 
forwarded. Therefore we would 
appreciate your cooperation in pro- 
viding your new address when you 
make a change of residence or 
business connection, if we are us- 
ing your business address. We 
have taken your money and are 
anxious to perform our part of the 
contract by supplying copies of the 
magazine. But we cannot do so 
unless you keep us informed of 
your address. 


New addresses are needed for 
the following: 
R. Mm. Ewart 
683 46th Street 
Des Moines 12, lowa 


Orin Kossuth Thornburg 
Chief Line Inspector 

Todd & Brown, Incorporated 
Kingsbury Ordnance Plant 
La Porte, Indiana 
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SOCIETY REPORTS 


Boston Group 


Forty-five people who attended 
a recent eight day course on quali- 
ty control at Northwestern Univer- 
sity held a follow-up meeting Au- 
gust 18. Professor Harold A. Free- 
man of Massachusetts Institute of 
Technology gave an excellent, well 
received discussion of sequential 
sampling. The afternoon session 
was devoted to discussions by F. G. 
Smith, American Brass Company, 
Leonard H. Sedar, General Electric 
Company, Warren P. Purcell, Syl- 
vania Electric Products Company, 
and Douglas Benedict, General 
Electric Company. 

A committee composed of Doug- 
las Benedict, Elmer €E. Haskins, 
Charles J. Hudson, Warren R. Pur- 
cell, and Leonard A. Sedar was 
named to plan for the October 6 
meeting and submit an organizing 
plan for a Quality Control Society. 





Newark Society for Statistical 
Quality Control 


The first meeting of the year will 
be held October 22 at the Newark 
Academy. The topic is to be “Ap- 
plications of Statistical Quality 
Control in Chemical Engineering.” 
The program committee anticipates 
having Paul Peach as a speaker. 





Society of Quality Control Engineers 
of California 


Forty-seven members and friends 
of the Quality Control Engineers of 
California met July 10 at the Los 
Angeles Athletic Club for a dinner 
meeting. J. M. Howell reported the 
progress on the formation of the 
Organizing Committee for the pro- 
posed National Quality Coritrol 
Society. Clifford Bell of the Uni- 
versity of California was announc- 
ed as an additional member to the 
Advisory Committee. Dr. Bell stated 
that the University of California is 
cooperating in continuing quality 
control training courses under its 
University Extension Service. Pres- 
ton C. Hammer reviewed J. M. 
Juran’s recent book “Management 
of Inspection and Quality Control.” 


A round table discussion “Adapt- 
ing Theory to Practical Problems” 
was led by J. M. Howell. The use 
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of p charts for sheet metal fabrica- 
tion data was the major item pre- 
sented. Dr. Hammer stated that 
the conventional p chart is not satis- 
factory for this type of data, since 
the requirement of randomness is 
not fulfilled. He proposed the per 
cent defective data be adapted to 


an X, R chart. This chart employs a 
moving average over two succes- 
sive weeks and the range is ob- 
tained by taking the difference of 
the two successive values. Two sig- 
ma limits seem to be most practical 
for this chart. 


W. B. Rice, Director of Statistics 
and Reports for the Plomb Tool 
Company of Los Angeles, made 
available to the members of the 
Society reprints of recent articles he 
published in national journals. At 
the next meeting, October 18, 
nomination and election of officers 
for the ensuing year will be con- 
ducted. 





Northwestern University Quality 
Control Group 


The fourth follow-up meeting 
was held August 9. D. Pickering of 
the Parker Pen Company reported 


how the use of X and R charts and 
fraction defective studies reduced 
a defect level from 7.5% to 2.5% 
and ultimately to 0.6%. J. J. Mc- 
Vady, Inspection Foreman for In- 
ternational Harvester Company, 
told of his “fact finding tour” as the 
first step in applying statistical 
methods of quality control to ball 
bearing manufacture. The use of 
charts prepared by the inspection 
department secured the coopera- 
tion of the engineering department 
in condemning one machine which 
had been ignored previously as a 
source of bad production. 


Alden’s Chicago Mail Order 
Company buys 4625 items from 
1317 suppliers, and management 
spends large sums on inspection to 
assure adequate protection to its 
customers. How the company set 
up a long term program by which 
supplier ratings will be established 
was presented by C. T. Herzfeld. 


E. L. Fay, Chief Inspector of the 
John Deere Tractor Works, told the 
story of the introduction of statistic- 
al methods in his plant. His talk in- 
cluded the use of slides and the 


benefits derived from their new 
methods resulted in the reduction 
of reclaim work, which kept three 
men busy full time, to a point 
where one man spends two hours 
a day on the same work. 

Mr. Schroeder and Professor 
Rogers used charts adapted from 
the data presented previously by 
Mr. Gretzlaff to illustrate how a 
process for lens grinding was 
brought under control. 





Pittsburgh Quality Control Society 

The Pittsburgh Quality Control 
Society has arranged a series of 
programs for the coming year, the 
first of which was held at Carnegie 
Institute of Technology in Pitts- 
burgh on September 20. E. G. Olds, 
Associate Director of the Quality 
Control Program, was the principal 
speaker. His subject, “Sequential 
Sampling in Quality Control Work.” 


At least four technical sessions 
will be held for the 1945-6 pro- 
gram as follows: November 15, 
January 17, March 21, and May 
16. In addition, open forum meet- 
ings for the discussion of members’ 
problems are scheduled for October 
18, February 21, April 18, and 
June 20. Interest among members 
remains high and the enrollment 
of a number of new ones adds to 
an already encouraging outiook. 


Ilinois Quality Control Group 


The fifth continuation meeting 
was held at the University of 
Illinois, June 29 and 30. An excel- 
lent program was presented by L. 
W. Bayles on “Calculation of Con- 


trol Limits for the X, R Chart in Re- 
lation to A. Q. L.,” by R. W. S. Free- 
man on “Three Quality Control 
Problems in Foundries,” by C. M 
Noble on “Gages and Gaging Prac 
tice,” and by W. T. Hayter on “Con- 
trol Problems in Electrolytic Train- 
ing.” Mr. Bayles explained the use 
of modified control limits where a 
manufacturer has accepted a con- 
tract to supply a product whose 
linear measurements are fixed by 
a specification and cannot be alter- 
ed and where the specification 
states the A. Q. L. of the product 
Mr. Freeman’s talk related to the 
use of statistical quality control in 
a cast manganese steel plant, a 
brass foundry, and in jobbing 
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sheps. The talk clearly illustrated 
the general plan of attack for an 
investigation and concluded that 
“the man on the job must accept a 
major share of the responsibility 
for the detection and correction of 
assignable causes” is a bit unwar- 
ranted, at least in the foundry field. 
Mr. Hayter prefaced his com- 
ments with a short history of the 
use of tin plate commercially and 
the problems involved in starting 
the electrolytic tinning industry 
when the capture of the major tin 
supply sources by the Japanese 
made a reduction of the use of tin 
in this country imperative. His talk 
described the electrolytic tinning 
processes and the problems in- 
volved in controlling them. Mr. 
Hoyter believes thot at least 50% 
of the value of charts is psycho- 
logical, providing they are in full 
view of the men doing the work. 


Delaware Quality Control Society 
After meeting regularly for five 
months, our group organized for- 


mally at a meeting held on June 
19 


Officers for the year are Charles 
A. Bicking, Chairman; Victor M. 
Gelin, Vice-Chairman; Howard S. 
Clark, Program Chairman; William 
H. Markweod, Jr., Membership 
Chairman; and, Benjamin O. Nel- 
son, Secretary-Treasurer (9150 Du- 
Pont Building, Wilmington, Dela- 
ware.) 

Our members are interested par- 
ticularly in applications of Statis- 
tical Quality Control to problems in 
Chemice! production and research 
We feel that much of the work we 
arc doing is pioneering. There is 
little published literature in this 
field 

Perhaps others are working on 
the same type of problems. If so, 
we welcome your inquiries and 
your help. 


Toronto Quality Control Society 

The following is a brief report on 
the talk given by Dr. E. C. Olds at 
the meeting September 12, 1945. 

Under the title “What Manage- 
ment Should Know About Quality 
Control in Industry” Dr. Olds of the 
W. P. B. Washington outlined the 
history of quality control as such 
in the United States. Following this 
the speaker made reference to two 
practical applications of Quality 
Control. The applications served a 
dual purpose in that they also re- 
vealed at least the elementary 
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stages of the mathemotics and 
statistics forming the foundation of 
Statistical Quality Control. 


Dr. Olds made reference to the 
quality, price ratio which is serious- 
ly effected by quality changes. 
Statistical Quality Control as a pro- 
duction and inspection tool is a pos- 
sible means of improving this im- 
portan* ratio, cither by improving 
quality, reducing price or by both. 


Special mention was made of 
the inspection programs now being 
put into effect. These methods 
while doing away with 100% in- 
spection will guarantee the outgo- 
ing level of quality at any chosen 
value. 


Future meetings of the Toronto 
Quality Control Society. All meet- 
ings are the second Wednesday of 
the month at 8.00 p. m. at Ontario 
Research Foundation. 


October—J. McKeigan Esq. Ap- 
plication of Q. C. to Small Arms 
Production. 


November—J. C. Langford, Asst. 
Q. C. Superintendent, Cherrier 
Works, D. |. L. 


December—Dr. M. A. Brumbaugh 
of the University of Buffalo. 


Quality Control Engineers of 
Rochester 


The first meeting of the fall sea- 
son was held at the Chamber of 
Commerce on September 11. Any 
concern over the possibility of de- 
clining interest in our group was 
quickly allayed when 183 men and 
women appeared for this meeting. 


The meeting was arranged as a 
joint undertaking of our general 
membership and the sub-group on 
Gage Control. 


The speaker of the evening was 
Mr. Clinton V. Johnson, member of 
the firm as well as Chief Engineer 
and Sales Manager of the Johnson 
Gage Company, Bloomfield, Con- 
necticut. 


Mr. Johnson is a former member 
of the American Gage Design Com- 
mittee. In addition, he has held the 
positions of Sales Engineer for the 
John-Sons Gage Works and Chief 
Sales Engineer for Pratt & Whitney 
Division, Niles - Bemond - Pond. It 
was with this excellent background 
that Mr. Johnson presented in a 
most interesting and informative 


manner the subject of “Quality 
Control Problems in Screw 
Threads.” 





As was reported in the last issue, 
Dr. Brumbaugh recently conducted 
a series of five lectures on Samp- 
ling at the Rochester Institute of 
Technology. As a result of this 
undertaking an additional sub- 
group of our membership is being 
formed to continue work and dis- 
cussion in this area of Quality Con- 
trol. The first meeting of this sub- 
group will be held at the Chamber 
of Commerce on October 24. 





PLANT ACTIVITIES 


Sylvania Electric Products Com- 
pany, Williamsport, Pennsylvania 


Sylvania’s Williamsport Plant re- 
ports that progress in the use of 
quality control techniques is con- 
tinuing at a rapid pace. Twenty- 
four active control charts are main- 
tained on the factory floor with 
several others being planned. The 
quality control group also makes 
special studies on parts and assem- 
bly quality and studies the com- 
parative effectiveness of various 
kinds of chemical processing. 


Fulton Syphon Company 


Recently a four page booklet 
written for the layman by F. H. 
Thomas was distributed to all em- 
ployees of the Fulton Syphon Com- 
pany. This booklet explains what 
quality is; what part the worker 
has in quality as it affects himself 
and his company. 


Sylvania Electric Products Com- 
pany, Emporium, Pennsylvania 
The Emporium Plant of Sylvania 

reports that prior to using a modi- 
fied limit plan based on the speci- 
fications instead of the process av- 
erage, three quarter of a million 
measurements a month were made. 
With the advent of this plan, the 
amount of work was reduced ap- 
proximately 70% and a better 
product is being shipped. Data 
were compiled which aided the 
Engineering Department tremend- 
ously. Statistical analysis is being 
used in making recommendations 
for revisions in the specifications 
and for the assignment of work to 
machines. 
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(Continued from Page 10) 


mal curve. However, (5) is not 
suitable in its present form, since 
it would require an infinite number 
of O. C. curves to be drawn in or- 
der to represent all possible sigmas 
that may be encountered. (5) is 
therefore converted by substitution 
from (2) and (3) to 





é) % a = Sie 


which reduces tc 
(7) = (x-x') Ww +2 


which can readily be evaluated for 
all possible combinations of the ac- 
ceptable percent of defectives (cor- 
responding to X’), the incoming 
percent defectives (corresponding 
to X), and sample size, n. It should 
be noted that in plotting the O. C. 
Curves a method of graphic ap- 
proximation was used which may 
result in slight (unimportant) dif- 
ferences of the plotted values from 
the exact, calculated risks. 


lf, instead of the L factors, b 
factors hud been used, (7) would 
have become 


@) % - (x -x') yr +3 
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University of Toronto Lectures 


The series of lectures on quality 
control presented recently at the 
University of Toronto by Dr. A. E. 
R. Westman of the Ontario Re- 
search Foundation will be publish- 
ed serially in “Manufacturirg and 
Industrial Engineering,” Consolidat- 
ed Press, 73 Richmond Street, West, 
Toronto 1, Ontario. The series will 
begin in either the October or No- 
vember issue. 





BUFFALO MEETING 


The first fall meeting of the So- 
ciety of Quality Control Engineers 
was held September 24 at the Uni- 
versity of Buffalo. After a few brief 
notices and a financial report by 
Kenneth Conrad, newly appointed 
treasurer, the meeting was turned 
over to Mr. W. T. Dunlap of the Re- 
search and Development Division 
of the Electro-Metallurgical Co., Ni- 
agora Falls, N. Y. 


Mr. Dunlap gove the first talk we 
have heard on the application of 


(Continued on page 16) 
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ARTICLES OF FEDERATION 
BETWEEN ‘HE SEVERAL QUALITY CONTROL ENGINEER SOCIETIES 


At two meetings held September 8, 1945 and October 6, 1945 
accredited representatives of four quality control societies—Michi- 
gan, Rochester, Syracuse, and Buffalo developed the following plan 
for mutual action. 

BELIEVING, in Quality Control as a science whose application 
to industrial situations will provide the means whereby standards of 
quality, workmanship, and efficiency in fabrication can be material- 
ly increased over those now in effect, to the definite improvement 
of industry as a whole and for the benefit of individuals employed 
therein. And, 

BELIEVING, that the universal acceptance of Quality Control by 
industry can be achieved only by intensive effort on the part of 
active operators in the field, and that the present is most propitious 
for such undertaking. And, 

BELIEVING, that there exists a distinct need for mutual assis- 
tance among the operators. And, 

BELIEVING, that no one group can accomplish this, we the sev- 
eral societies subscribing hereto, do band ourselves together in a 
federation of mutual co-operative effort for the benefit of the 
Societies as unities, for the individual memberships thereof, and for 
the science of Quality Control. We do hereby subscribe to the 
enumerated purposes as set forth herewith and to a program dedi- 
cated to the advancement of Quality Control, to the further educa- 
tion of our respective memberships, and to the acceptance of our 
program by industry. 


THE OBJECTIVES OF THE FEDERATION SHALL BE: 


| The retention by the member societies of their autonomous 
powers and identities. 

ll! The pooling of their resources in the field of common interest 
and problems. 

iil The joint publication of the magazine INDUSTRIAL QUALITY 
CONTROL through the combined business management and 
editorial board established by the member societies. The ob- 
jectives for the magazine are wider scope, enlargement of con- 
tent, and an editorial policy committed to presentation of 
problems of quality control operators, principles of quality con- 
trol, and demonstrations to management of the effectiveness of 
quality control. 

IV The arrangement of joint meetings, the interchange of individu- 
al members among the several societies, and the mutual use of 
speakers of national prominence. 

V_ The promotion of the point of view that control technique is 
efficient in the broad field of quality. 

Vi The expansion of the program in directions which will be of 
interest to technicians and educators so that mutual benefit may 
be derived from interchange of ideas, points of view, methods, 
and results. , 

BE IT RESOLVED, that the name of the federation sliall be the 
Society of Quality Control Engineers as now registered in Washing- 
ton and that the management of this society shall be lodged in a 
Board of Directors composed of one representative duly elected or 
appointed to this board by the individual societies subscribing 
hereto and two or more outstanding authorities in the field of 
Quality Control. 

BE IT FURTHER RESOLVED that the editorial board of the maga- 
zine, INDUSTRIAL QUALITY CONTROL, shal! be composed of two 
members elected or appointed by the member societies, sup- 
plemented by advisors of note in the field. 

AND BE IT FURTHER RESOLVED, while this initial co-operative 
effort is now undertaken by the subscribing societies, that the com- 
bining groups will welcome participation in this federation by any 
similar group that seriously embraces and practices the tenets of 
quality control. 
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statistical methods in controlliny 
quality of chemical processes. He 
pointed out, much to the satisfac- 
tion of our members who are con- 
nected with the chemical industry, 
that statistical methods of quality 
control are as applicable to chemi- 
cal problems as they are to straighi 
line production problems. 


Mr. Dunlap said that he looked 
on statistics in two ways: One as a 
mathematical analysis of numbers 
that enables us to condense and 
summarize data, to indicate when 
assignable causes of variation are 
probably present, to determine 
whether or not two sets of results 
are significantly different, to de- 
termine the correlation between 
two sets of corresponding data and 
the like. It is comparatively easy 
to train workers to keep control 
charts or to calculate averages and 
standard deviations or correlation 
coefficients, but to get across the 
second phase is something else 
again. The second and by far the 
most important part of the statisti- 
cal program is to develop statistical 
thinking. Members of an industrial 
organization such as managers, 
superintendents, technicians, re- 
search workers, foremen and sales- 
men should be mentally condition- 
ed so that they really appreciate 
such things as the universality of 
variation, the meaning of control 
and the fact that lot quality is only 
estimated from sample quality. 


One of the highlights of Mr. 
Dunlap’s talk concerned the use of 
statistical methods to improve the 
recovery of a certain element. An 
analysis showed the following: 


No. of 

Observa- 
Heats tions 
Total 162 
Standard Cond. 129 
Subst’d’d Cond. 33 


Standard 
Av. Devia- 
erage tion 
87.16 4.84 
88.83 3.28 
80.63 4.40 


A control chart was made up on 
the second series of observations 
of heats which resulted in narrow- 
ing down the assignable causes to 
four items. The elimination of the 
third assignable cause resulted in 
boosting the average yield to 92%. 
The improvement was real and 
held up. 


Mr. Dunlap outlined other ap- 
plications of control charts to con- 
trolling various processes at Electro- 
Metallurgical and after this graci- 
ously answered the numerous ques- 
tions which came from our mem- 
bership. 
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Now Unrestricted 


SEQUENTIAL ANALYSIS OF STATISTICAL DATA: APPLICATIONS 
Revised and Enlarged Edition 


Prepared by the 
STATISTICAL RESEARCH GROUP, COLUMBIA UNIVERSITY 


A “secret weapon” during the war for saving the Army and Navy 
hundreds of thousands of dollars in sampling inspection, the sequential 
method is now being released to the public. Because this method analyzes 
data while they are being cullected instead of after, it reduces sharply the 
amount of data needed and eliminates a large proportion of the errors to 


which conclusions based on samples are liable. 


Although its most con- 


spicuous applications have been in sampling inspection, it is also an in- 
valuable tool for research and development. 


The book, which has been extensively revised and enlarged over the 
restricted edition, consists of seven pamphlets, each a complete and self- 
contained treatment of the application of sequential analysis to a particu- 
lar kind of problem. 300 pages, ring binder. 


Ready late October. 


$6.25 


COLUMBIA UNIVERSITY PRESS @ 2960 BROADWAY @NEW YORK 27@N. Y. 

















TROL has over 700 paid sub- 

scribers and about 50 compli- 
mentary copies are sent to leaders 
in the field and in exchange for 
other magazines. At least 75 per 
cent of the subscribers are oper- 
ators of Quality Control Systems 
in industrial plants scattered 
throughout the country. (Several 
months ago a tabulation showed 
that 31 states, Canada, England 
and Australia were represented.) 
These operators are quality man- 
agers, chief inspectors, methods 
engineers, design and tool engi- 
neers, research workers or per- 
sons employed in those branches of 
operation. They are the people who 
place orders for gages, microm- 
eters, scales, comparators, hard- 
ness testers, tensile testers, tools, 


J Teor ‘has’ « QUALITY CON- 


Write Foster & Stewart—210 


Ellicott St., 


fixtures, jigs, dies, and machinery. 
These standard types of equip- 
ment are exclusive of all kinds of 
special recording and measuring 
devices which a manufacturer 
needs and has specially made for 
his operation. 


Advertisers have an opportunity 
here of educating quality control 
operators. These men are eager to 
learn about devices available for 
improving their control work. 
There are many new types of 
equipment and there are many 
improvements of existing equip- 
ment, which will become available 
to all plants in the reconversion 
period. Manufacturers should tell 
quality control operators about 
these war-time developments. 


A 12 month contract for space 
taken out now will insure the ad- 
vertiser of a substantial bonus in 
new subscribers acquired during 
the next year. 


Buffalo 3, N. Y. for 


Advertising Rates and complete specifications. 














INDUSTRIAL QUALITY CONTROL 





